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A COMPUTATIONAL APPROACH BASED ON A PARTICLE SWARM 





































































ﬀﬂﬁ ﬃﬀ "!$#   %&	'(! )+*,-
./	' 01!1 23ﬀ 4 '5-6*7$89! :; <ﬀ=













ﬀﬂﬁ ﬃﬀ "!$#   %&	'(! )+*,-
./	' 01!1 23ﬀ 4 '5-6*7$89! :; <ﬀ=


























































































































4 '5-6*7$89! :£ ﬀ<ﬀ=




































































































































































































































































































































































  ''1	' 2 	ﬁ
! %&	=(!  p*7- <-Á	ﬁ

iŁ??N[K~I bì«ª±²­§ ·£±Q`"!Î Ý©ª`¡¬­+RWqrfNQPSN =I|rfN[RWV qDnORªz=X'kDyDnMXùNQVÕ$DN[zNQVDkYN[ªNQkDyDILZQK'\1z{ILZ[ZQX'kÖ·Y LdÁ­§8B±Q`¥\































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































ŁyDz ILV XYILPSqDZQXNQK2ﬂ¬nOKÎrfZ[ ILN[PGX'k I|rGz=RWPSq¬ILnMNQVD@rfDXJz{ILq¬I|µDNQZ[N[rfN[X=KìRLtrODXJqYnORWq£RWKOX'kf
iŁ?m













































































































































































































































































































































































RÝWX=n'\6rODXëX'nOnORLn*ﬂ¬WyDnMX=KILnMXëkDX'qDNQzrfX=kN[V-N[D,WW }FYXùRWµYrI|NQVDX'k nOX'KOyDZrfK~KMDR	 rODXùX;X=zÁ
rfNWX=VYX=KOKoRLtrfDXJuÎHëHK
















































































































































iŁ? KMrfnOI|rfX'LW\ILV I|kDkDN[rON[LXaI|yDKOKMNILV VYRWNQKMX
¬ILKGµ;X'X=V ILkDkYX=k rfRarfDXPGX=ILKOyDnMX=kk¬I3rIY&}-ILµ° u KMDR	$KorfDXëILzDNQXWX'knOX=KMyDZ[rOK~NQVÛrfX'nOPSK































































































































































































































































































































































rfDXöKÎVrODX'rONQz@k¬I|rIÛILnMX@z'RWnOnMyDqYrOX=k µ N[VDz=nMX{ILKMNQVDÚrfYXaI|PGRWyYVsrR|t9nfI|VDkDRWP I|kDkDN[rON[LXùILyDK
KONQILV VDRWNQKMXL\5ILnOXKMDR	$V NQVÛ-N[DÝYÚlmKGz=ILVÛµ;XVDRLrOX=kÛµ z=RWPSq¬ILnMNQVDërODXX=nOnMRWnì|ILZQyDX'KìnOXÁ























































































































































































































































 5= "' 
uvV rfDN[Koq¬I|q;X'n=\6IøVDX ILqYqDnORI|z rORøPSNQz=nMR	1I{WXJNQPGILWNQVYaN[V rfDXJKOq¬I|rONILZ6kDRWPGILN[V ¬ILKoµ;X'X=V
qDnOX'KOX'VsrOX=kpj}FDXmILqDqYnORILzS¬ILKiµ£X=X=VStwRWnOPyDZI|rOX=kSILKiIWZQRWµDILZDVDRWVYZQNQVYX{ILnﬂRWqrfNQPSN =I|rfN[RWVqYnORWµDZ[X=P
ILVDk Iëz'yDKMrORWPGN=X'k 





RLtmNQVrfX'nOX=KÎrfN[VD@twX=I|rfyYnOX=K7'®kYNQKOz'yDKOKMX=k N[V ŁªX=z'rONQRWV ,Á x(RWVYKOXsyDX'VrfZ[L\FrfDXPSX'rfYRkÛ¬ILKSqDnORÝLX=V






























































 @>ìL(X=ZﬀLX=µYNQn=\_ÓﬀjF0>ZQX=N[VDPGILVp\iILVDk xU 
ﬂN[zDRLr{\c1MHN[z=nMR(I{WXNQPGILWNQVY:tRªz{I3rfNQRLVÖI|VDk

































































































 |$]²ìªŁYN;I|VDkLÓsﬂµ;X'nO¬ILnÎr{\1l PSRkYNﬂ¬X'kSqDILnMrONQz=Z[XFK"(ILnOP7RLqYrfN[PGN=X=n'\½31NQV5df¯	B=¤£gfhjhih »(¯3dÁ±¢
¦5¯3¡ª©Ld'¤$¦5¯3bU·£«­] L­®§]¯3¡£ L±_g¡¬­v`±¨±²§©ª`¡ B`Uh GL¯3±²«ª­§]¯3¡£ Ld¦C¦5¯3bU·£«­] L­§]¯3¡¬\YqDqp_W3LY\;ÝWWY
 L$ l_u;jZÐV5ILZQZQILkp\YHa;jZÐK.mI	(ILnÎW\_l_l°ŁYILZ[ZILP\DI|VDkJl >ILZQILK=\E1ÎŁ1I|nOP NQVrOX=ZQZ[NQWX'VDz=XtwRWn
µYnONQkaz=RWKÎr9kDN[KOq¬I3rfzøqDnMRWµDZ[X=P\½3SN[V¤5df¯	B=¤/¦j L¡£ ¢L§® L¡À¦5¯3¡=J{`df`¡ B`9h5±Q`9B­dÁ§8BO L±5 L¡£¢»¦5¯3b$!
·£«­v`dh5¡ª©L§¨¡°``d§¨¡ª©L\ªWRWZ£\DqDq°£WL3WW\DLWYW



































































































































































































































































































































































































































































































































































































(x, y) v=1, ... ,V
m   =1, ... ,ME
v, m
scatt






 D   O
Investigation Domain
 D  I












i     if  , s 
(Step 2)






Velocity updating eq. (9)
Position updating eq. (10)(Step 6)
For each particle
save the best solution (gbest)
i  s  
ij  f  




Initialize a swarm with
velocity vectors
Evaluate the fitness 
of each particle,









Clamp the elements of        to
if the corresponding element 
is out of range 
change the sign of 
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Noiseless 20 10 5
Signal to noise ratio [dB]
εtot
εint
εext
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